In the frame of a systematical study of light ion induced nuclear reactions on platinum, activation cross sections for deuteron induced reactions were investigated. Excitation functions were measured in the 20.8 -49.2 MeV energy range for the nat Pt(d,xn) 191,192,193,194,195,196m2,196g,198g,199 Au, nat Pt(d,x) 188,189,191,195m,197m,197g Pt and nat Pt(d,x) 189,190,192,194m2 Ir reactions by using the stacked foil irradiation technique. The experimental results are compared with previous results from the literature and with the theoretical predictions in the TENDL-2014 and TENDL-2015 libraries. The applicability of the produced radio-tracers for wear measurements has been presented.
Introduction
The excitation functions of deuteron induced nuclear reactions on platinum were measured to get reliable experimental data for different applications using targets with natural isotopic composition or highly enriched Pt isotopes. Experimental results for production of the medically relevant 198 Au and 199 Au radioisotopes (obtained through
The activity of the irradiated samples was measured non-destructively, without chemical separation, by using HPGe detectors. The samples were measured four times: the first measurements included every second Pt foil and was performed about 6 hours after EOB.
The second series of measurements, on the second half of the samples, was performed after one day. The third series (involving all samples) was measured 3-5 days after EOB while a fourth series was done about one-two months after EOB. The large number of simultaneously irradiated targets, limitations in detector capacity and available acquisition time influenced optimization of measuring time. The sample detector distance varied between 25 and 5 cm depending on the activity of the particular target foil in order to keep the dead time low and to optimize the measuring time.
The large number of monitor foils used allowed us to follow the beam intensity and the energy degradation along the stack simultaneously via the nat Al(d,x) 22 ,24 Na monitor reactions. The activation cross sections of the simultaneously irradiated mercury have already been published in [9] , where the figure of re-measured excitation function of monitor reactions can be found.
The preliminary median deuteron beam energy in each target foil was determined from the incident bombarding energy, stack composition and foil thickness by calculation [10] and was corrected on the basis of the simultaneously re-measured excitation function of the monitor reactions [11, 12] . The uncertainty of the median beam energy on the first foil was estimated by the accelerator staff to be ±0.3 MeV. The uncertainty for the energy is increasing throughout the stack and reaches a maximum of ±1.2 MeV in the last foil due to possible variations and inhomogeneity in thickness of target foils in the stack, incident energy spread and to straggling effects.
So called elemental cross-sections were determined considering that the Pt target was monoisotopic. Direct and/or cumulative cross-sections were calculated depending on the contributing processes and to the activity measurements. The decay data used are collected in Table 1 and were taken from NuDat 2.0 database [13] , while the indicated Q values of the contributing reactions originate from the BNL Q-value calculator [14] . The determination of the cross-sections was iterative: in case of contradictions between different measurements in time, the spectrum unfolding and the data evaluation was repeated taking into account the earlier experimental data, the theoretical predictions, the systematic trends, parent-daughter relationships, etc.
The uncertainties of the cross were estimated in the standard way [15] , the following independent relative errors were summed quadratically: determination of the peak areas including statistical errors (2-15%), the number of target nuclei including non-uniformity (5%), detector efficiency (5%) and incident particle intensity (7%). The total uncertainty of the cross-section values was evaluated to be between 10-17%. 
Results
The measured experimental cross-section data are shown in Figs 1-19 . The numerical values are essential for further evaluation and dissemination and are presented in Tables   2 -3 . The experimental data are also compared with the results given in the on-line libraries TENDL-2014 [16] and TENDL-2015 [17] calculated with the latest version of the TALYS code family [18] . The investigated radio-products are produced directly and/or additionally through the decay of a shorter-lived isobaric parent. The ground state of the produced radioisotopes can, apart from the direct production, also be produced through the internal transition of an isomeric state. Due to the large number of foils and the limited detector capacity only every second foil was measured in the first and the second series of gamma spectra measurement. It resulted cross sections for some shorter-lived radioproducts only at every second energy point.
Radioisotopes of gold
The cross section values of the investigated gold radionuclides are due to direct 
nat Pt(d,xn) 198g Au reaction
Independent cross sections for direct production of the ground state of 198 Au (T1/2 = 2.6947 d) were deduced ( Fig. 2) . No corrections could be done for the contribution from decay of the 198m Au (T1/2 = 2.272 d, IT 100 %) due to low cross section value assessed from the lower energy experimental data of the present measurement, and due to the fact that the gamma-lines from the decay of the similar half-life 198m Au were present in the gammaspectra with very low statistics. Our new experimental results are slightly higher than our previous data [4] , connect well with the recent data of Khandaker et al. [8] but the connection with the results of Tárkányi et al. [3] is not acceptable.
nat Pt(d,xn) 196m2 Au reaction
Independent cross-sections for the T1/2 = 9.6 h isomeric state 196m2 Au are shown in were determined after complete decay of the two higher laying isomeric states (m2 -T1/2 = 9.6 h, m1 -T1/2 = 8.1 s) (Fig. 4) . Our new data are higher than our previous data [4] and the connection to the previous results of Tárkányi et al. [3] is acceptable, the recent results of Khandaker et al. [8] are slightly larger in the overlapping energy range. The TENDL approximation describes the shape and the maximum positions acceptable well, but slightly underestimates above 30 MeV and overestimates below this energy.
nat Pt(d,xn) 195 Au(cum) reaction
The cumulative cross-sections were determined after the decay of the T1/2 = 30.5 s isomeric state (Fig. 5 ). In this case the TENDL results give quite a good approximation of the experimental values both for the shape and for the values. The new data are very scattered and in average higher than our previous results [3, 4] but connect well with the recent data of Khandaker et al. [8] in the overlapping energy region. [4] are lower in the whole energy region.
nat Pt(d,xn) 193 Au(cum) reaction
The measured cross-sections of 193g Au (T1/2 = 17.65 h) include the internal decay of the T1/2 = 3.9 s isomeric state ( Fig. 7 ) and in such a way are cumulative. Our new data show partial agreement with our previous measurement [4] and are slightly lower than both other results of us and Khandaker et al. [3, 8] . The seen discrepancy (grouping) in our new data especially in the higher energy range might come from the different measurement series or from target foil inhomogeneity. The TENDL curves overestimate the experimental values again. The cross section data of 191 Au (T1/2 = 3.18 h) include the contribution from the decay of the simultaneously produced short half-life isomeric state (T1/2 = 0.92 s, 100% IT) (Fig. 9 ).
The only previous data set is also from our group [4] , and the previous data points are slightly lower than our new results. The trend and values given by the TENDL calculations are acceptable good.
Radioisotopes of platinum
The isotopes of platinum are produced via (d,pxn) reactions and through the EC- + decay of Au and  --decay of Ir parent radionuclides.
nat Pt(d,X) 197m Pt reaction
Due to the long cooling time before the first measurement the data for production of 
nat Pt(d,X) 191 Pt(cum) reaction
The cumulative cross-section for production of 191 Pt (T1/2 = 2.802 d) includes direct production and formation through decay of 191 Au (T1/2 = 3.18 h) and is shown in Fig. 13 .
The targets were measured after the complete decay of the parent isotope, so in such a way the presented results are cumulative. Our new data are in good agreement with our previous results [4] , as well as the TENDL-calculations give a good approximation up to 42 MeV but underestimate above this energy.
nat Pt(d,X) 189 Pt(cum) reaction
The cross-sections for production of 189 Pt (T1/2 = 11 h) is shown in Fig. 14 and were determined after the complete decay of the two longer-lived states of the parent 189 Au (T1/2 = 4.6 min and 28.3 min). Only two points above 45 MeV were found indicating that there is no measurable contribution from low abundance Pt target isotopes (see Q-values of contributing reactions in Table 2 ). The new measured points are fit on the theoretical model calculation curve(s) acceptable well. No previous experimental data were found.
The two TENDL versions give different approximation above 50 MeV, but unfortunately our data cannot support any of them because the difference is seen only above our highest energy point.
nat Pt(d,X) 188 Pt(cum) reaction
Only a single cross section point for formation of 188 Pt (T1/2 = 10.2 d) was obtained (Fig.   15) . The cross-section is cumulative (measured after the complete decay of the parent 188 Au) and contains the contribution of the direct production and the simultaneous decay 
Radioisotopes of iridium
The radioisotopes of iridium are produced directly by (p,2pxn) reactions or through EC-+ decay of simultaneously formed parent Pt radionuclides. For production of the investigated radioisotopes there was no contribution from the simultaneously produced Os radioisotopes. internal transition to the ground state. The possible isobaric parents are stable or alpha particle emitters. The experimental cross-sections for production of the ground state contain the decay of the two isomeric states in addition to the direct production (Fig. 18 ).
nat Pt(d,X) 194m2 Ir reaction
Our new data are slightly higher than the previous data of Khandaker et al. [8] but the TENDL codes give much lower approximation.
nat Pt(d,X) 189 Ir(cum) reaction
The determined cross-section of 189 Ir (T1/2 = 13.2 d) is cumulative and contains the direct production and the contribution from the decay of 189 Pt (T1/2 = 10.87 h) (Fig. 19) . No previous experimental data were found in the literature. The agreement with TENDL is good below 42 MeV deuteron energy and the theory gives lower values above this energy. 
Application for Thin Layer Activation (TLA)
Reviewing the produced radioisotopes (Table 1) regarding their half-life, gamma energy an intensity as well as cross sections (yields) one can select the proper isotope for wear (or corrosion and erosion) measurements by using thin layer activation [19] [20] [21] . The radioisotope 195g Au has proper half-life and cross section, but the gamma-energies are low with very low intensities. Another possible candidate for TLA is the 196g Au with 6.17 days half-life and at least one 355.7 keV 87% proper gamma-line. Its cross section is also reasonable high and it has even two maxima, which makes homogenous activity distribution [22] 
Summary and conclusion
We report experimental cross sections for production of nat Pt(d,x) 191,192,193,194,195,196m2,196g,198g,199 Au, nat Pt(d,x) 188,189,191,195m,197g,197m Pt and nat Pt(d,x) 189,190,192,194m2 Ir 
